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@ A catheter shaft and catheter are formed by 
spirally rolling a thin polymeric film (24) about a 
mandrel (26) into a tubular form and fixing the spi- 
rally wound film in the tubular form. Additional ele- 



ments and films (34, 40, 42) may be incorporated 
into the spirally wound tube to provide a catheter 
having varied chracteristics and functions. 
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MULTILAMINATE COILED FILM CATHETER CONSTRUCTION 



FIELD OF THE INVENTION 



This invention relates to catheters and to new 
methods for making catheters 



BACKGROUND OF THE INVENTION 



For many years, catheters have been used for 
a wide variety of medical procedures. Numerous 
types and variations of catheters have been devel- 
oped for medical procedures. Among the advan- 
tages of using a catheter is that it is inserted into 
the patient through a small opening, either natural 
or made by a puncture. Typically, the catheter Is 
used to perform a function deep within the body. 
The catheter enables the region of the body to be 
treated with minimal Invasion and trauma. Often the 
use of a special purpose catheter to treat a con- 
dition may reduce the need for surgery. The use of 
a catheter often avoids long recuperative periods 
typical or more general surgical treatment. 

By way of Illustration, catheterization procedure 
known as percutaneous transluminal angioplasty 
(PTA) is used to enlarge the lumen in an artery 
narrowed by plaque by delivering a catheter having 
a balloon at its end to the stenosis in the patient's 
artery. The balloon, once manipulated Into the 
stenosis, can be inflated to unblock the artery and 
reestablish good blood flow through the artery. The 
procedure takes a few hours and the patient may 
resume activities, often at an increased level, within 
a day or two. By contrast, surgical intervention to 
remedy obstructed coronary arteries (coronary ar- 
tery bypass surgery) is an extensive procedure, 
taking many hours, requiring surgical access 
through the chest wall to the patient's heart, typi- 
cally requiring a recuperative period of many 
months. 

Numerous other uses of a wide variety of cath- 
eters may include angiography, urinary, wound or 
chest drainage, optical examination and diagnosis 
of numerous lumens and body cavities and the like. 

Catheters typically are made from materials 
suited particularly for the specific purpose to which 
the catheter is to be put. For example, the materi- 
als may be selected to provide a desired degree of 
flexibility or stiffness to the catheter or to provide 
regions of varying flexibility and stiffness along the 
length of the catheter. Materials may be selected to 
facilitate the ability of the catheter to transmit 
torque from the proximal end to the distal end of 
"the catheter: In other instances "the catheter-may- 



be made from materials having selected electrically 
conductive or insulative properties. Often it is desir- 
able to provide either the inner or outer surface, or 
both surfaces, of the catheter with desired surface 

5 characteristics, such as lubricity or anti-clotting 
properties. It may be desirable to provide a cath- 
eter having optical capability by which light may be 
transmitted between the proximal and distal ends 
of the catheter. It may be desirable to attach one or 

70 more balloons to the catheter and to provide 
inflation/deflation lumens for inflation and deflation 
of the balloons(s) as well as to. provide other 
lumens for other purposes. Additionally it is a fre- 
quent requirement that the catheter maintain as 

75 small an outer diameter as possible, a requirement 
that often requires compromises to be made in the 
construction of the catheter such as, for example, 
dimensional compromises in wail thickness, lumen 
size or the like. 

20 Catheters frequently have multiple require- 

ments or functions. For example, often it is desir- 
able that part of the catheter be stiff while another 
part of the catheter be flexible. It is common for 
catheters to have portions that are electrically con- 

25 ductive alternated with portions that are insulative. 
Thus, catheters often have different constructions 
either in the materials, components or shape or the 
like at different locations along the catheter. 

A typical catheter construction involves the ex- 

30 trusion of a selected polymeric material Into a 
tubular catheter shaft having one or more lumens. 
A wide variety of polymeric materials are in com- 
mon use such as polyvinyl chloride, polyethylene, 
polytetrafluoroethylene, urethane formulations, 

35 polyesters and the like. In a typical catheter con- 
struction other elements are added to the shaft 
such as balloons, fittings, connectors, coatings, 
transducers, optical fibers, conductors, electrodes, 
braids and the like. Numerous finishing operations 

40 typically are required in order to assemble the 
catheter. The manufacturing procedure is labor in- 
tensive. Other techniques for manufacturing a cath- 
eter shaft also include the molding as well as the 
repetitive coating of multiple layers built up on a 

45 mandrel. Often the manufacturing procedure im- 
poses limitations on the nature and the number of 
characteristics that a particular catheter might in- 
corporate. 

As catheterization procedures have developed, 
50 there has been an increasing tendency to build 
catheters with thinner walls. By making the catheter 
with a thinner wall, the catheter is provided with 
increased internal space for additional lumens or 
the ability to increase the size of the existing 
lumen(s)"without increasing the-overall outer diam-" 
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eter of the catheter. It also may enable the outer 
diameter of the catheter to be reduced so that the 
catheter may be more easily advanced Into the 
body lumen or internal body location to be treated. 
As the demands for higher performance, multiple 
function catheters has increased, it . has become 
increasingly difficult to manufacture such thin wall, 
multi-function catheters utilizing existing catheter 
manufacturing techniques. Among the difficulties is 
that catheters having very thin walls may tend to 
kink when curved or bent, thus tending to close off 
the catheter lumens. 

It among the general objects of the invention to 
provide a new method for making catheters and a 
resulting new catheter construction which avoids 
many of the difficulties presented in prior catheter 
manufacturing techniques. 

SUMMARY OF THE INVENTiON 



In accordance with the invention, an elongated 
tubular catheter is made by rolling an elongate thin 
filnn of material into a tube about a mandrel in a 
spirally coiled fashion. Other films or elements may 
be interposed in the spirally coiled film. The tube 
then is constructed about the mandrel to apply 
pressure to the tube and, while maintaining the 
constricting pressure, layered tubular coiled film is 
bonded or fused together. The films may be 
formed from different materials to provide selected 
desired characteristics at desired locations on the 
catheter. The films may be specially shaped, con- 
toured or etched to provide the desired characteris- 
tics when in the. rolled configuration. Other ele- 
ments may be incorporated into the helically rolled 
film, such as optical fibers, hollow fibers, electrical 
conductors or the like, each adapted to provide the 
finished catheter with the desired properties and 
characteristics. A catheter so made achieves its 
objectives while incorporating a very thin wall con- 
struction. 

It is among the general objects of the invention 
to provide a new catheter construction as well as a 
new technique and methods for manufacturing 
catheters. 

Another object of the invention is to provide a 
catheter construction and method for manufacture 
of thin wall catheters. 

A further object of the invention is to provide a 
new catheter construction and a new method for 
manufacturing such a catheter in which the cath- 
eter is provided with multiple and varied char- 
acteristics and properties. . . 

DESCRIPTION OF THE DRAWINGS 



The foregoing and other objects and advan- 
tages of the invention will be appreciated more 
5 fully from the following further description thereof, 
with reference to the accompanying drawings 

wherein: 

FIG. 1 is a fragmented illustration of an angiog- 
raphic catheter: 
70 FIG. 2 is a fragmented illustration of a portion of 
the shaft of a finished angiographic catheter 
made in accordance with conventional prior art 
techniques; 

F16. 3 Is a plan illustration of a strip of flexible 

15 material from which a catheter may be made in 
accordance with the Invention; 
FIG. 4 is an edge view of the strip illustrated in 
FIG. 3 with the thickness of the various layers 
being highly exaggerated for purposes of il- 

20 lustration; 

FIG. 5 is an illustration of the strip of FIGS. 3 
and 4 being rolled into a tubular configuration; 
FIG. 6 is an illustration of a device that may be 
used for wrapping the films onto a mandrel into 

25 the desired catheter configuration; 

FIG. 7 is an illustration of further processing of 
the helically rolled tubular catheter shaft by 
which the helically rolled tube may be con- 
stricted and bonded In order to complete the 

30 catheter shaft; and 

FIG. 8 is a sectional view taken through the 
arrangement of FIG. 6 illustrating a constricting 
force being applied to the rolled up catheter 
shaft. 

35 

DESCRIPTION OF THE ILLUSTRATIVE EMBODI- 
MENT 

FIG. 1 illustrates, generally, a catheter, such as 
an angiographic catheter for Injecting radiographic 
contrast liquid into a blood vessel. The catheter 
includes an elongate tubular shaft 10 that has a 

45 lumen extending fully along its length. A fitting 12 
is attached to the proximal end of the catheter for 
connection to a syringe or other device adapted to 
force radiographic contrast liquid through the 
lumen of the catheter. The distal end of the cath- 

50 eter temninates in an outlet from which the contrast 
liquid emerges. Angiographic catheters typically 
have a curved distal end. as suggested at 14, there 
being many different types of catheters having 
different curved configurations, each adapted for 

55. use in a specific procedure or for a particular 
technique. By way of further example, an angiog- 
raphic catheter usually must be able to transmit 
torque from its proximal to its distal end' so that the 
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rotational position of the distal end can be manipu- 
lated and controlled from the proximal end in order 
that the outlet at the distal end of the catheter may 
be positioned in the blood vessel or other lumen 
precisely where desired. For example, in coronary 
angiography, it is essential that the outlet tip be 
located precisely and securely at the entrance to 
the coronary artery to be investigated. The burst 
strength of an angiographic catheter must be suffi- 
cient to withstand the substantial pressures that are 
developed during the injection of radiopaque con- 
trast liquid. It is common for such catheters to have 
a pressure capability of the order of 1,000 psi. 
Such catheters also must have sufficient column 
strength so that they are "pushable" to facilitate 
advancement through and maneuvering in the ar- 
teries. The catheter should have the desired de- 
gree of stiffness but may be provided with a tip 
portion that is relatively soft and flexible. 

FIQ. 2 illustrates one of numerous types of 
construction presently embodies in an angiographic 
catheter. The catheter shaft includes an Inner core 
16 which may be made, for example, from a tube 
of extruded nylon. The inner core provides a core 
onto which the other layers of the catheter can be 
built. It contributes to the burst strength of the 
catheter and provides a relatively low friction sur- 
face to receive a guidewire. The inner nylon core 
16 may be surrounded by a stainless steel wire 
braid 18 which enhances the torque transmission 
capability of the catheter as well as its burst 
strength. The wire braid 18 may terminate short of 
the distal tip of the catheter to enhance the soft- 
ness at the distal tip. The wire braid 18 may be 
surrounded with an outer core 20 which may be 
woven from a relatively soft material such as Da- 
cron. The woven outer core 20 enhances the 
torque characteristics of the catheter and also pro- 
vides a matrix into which the outermost layer is 
embedded. The wire braid and Dacron layers typi- 
cally are embedded and covered with a smooth, 
biocompatible polyurethane coating, indicated at 
22. The polyurethane outer layer 22 may be 
formed by spraying or coating the built up catheter 
portions with the urethane material to build the 
urethane layer to the desired thickness. Different 
urethane compositions may be used at different 
portions of the catheter, for example, to vary the 
stiffness and softness characteristics at different 
locations on the catheter. By way of example, such 
a catheter may have a shaft with an outer diameter 
of the order of .1 04" (8F) and an inner lumen of the 
diameter of the order of .050". The fabrication of 
the catheter requires many procedural steps and is 
labor intensive. 

In accordance with the present invention, a 
catheter shaft is formed by providing an elongate 
strip of a thin film o f m aterial and by rollin g that 



film onto a mandrel in a spiral, jelly roll-like fashion. 
FIG. 5 illustrates the manner in which such a cath- 
eter may be- made, with FIGS. 3 and 4 illustrating 
an elongate thin film strip used in making the 

5 catheter. As shown in FIGS. 3 and 4, an elongate 
film strip 24, formed from an appropriate polymeric 
material is provided. For purposes of illustration 
only, the strip 24 may be formed from polyethyl- 
ene. It may be of the order of 0.003" thick and may 

10 have a width of the order of 2,5". It may be 
approximately 125 cm long, corresponding to the 
intended length for the catheter. In accordance with 
the Invention, a mandrel, indicated at 26. is pro- 
vided and, as suggested in FIG. 5. the film strip 24 

75 is wound spirally into a roll onto the mandrel 26. 
The film strip 24 may be considered as having an 
inner surface 28 and an outer surface 30, those 
designations corresponding to the direction in 
which the surfaces 28. 30 will face after the film 

20 strip 24 has been rolled into its tubular configura- 
tion. 

The film strip 24 illustrated in FIGS. 3 and 4 is 
intended to form a tube having enhanced torsional 
rigidity in order that the resulting catheter can be 

25 torsionally manipulated. In prior catheters this has 
been achieved by including a tubular double helical 
sheath in the wall of the catheter as suggested at 
18 in FIG. 2. In the present invention, the film strip 
is formed to define a double helical braid-like pat- 
so tern when the film strip Is rolled up. To that end, a 
pattern, formed from thin foil elements of the order 
of O.O01 " thick may be applied to a surface, such 
as the inner surface 28 of the film strip 24. In the 
Illustrative embodiment, the pattern may take the 

35 form of a plurality of chevrons extending along a 
substantial portion of the length of the film strip 24 
from the proximal end (to the left in FIG. 3) toward 
the distal end (to the right in FIG. 3) of the film 
strip. The chevrons may be regularly spaced for 

40 most of the length of the film strip except that a 
distal group of chevrons 34 may be more widely 
spaced. The more closely spaced chevrons will 
result in a catheter region having somewhat greater 
torsional stiffness than in the more widely spaced 

45 chevron region 34. The chevrons, or other appro- 
priate pattern, as desired, may be placed on the 
surface of the film strip 24 by any appropriate 
means, for example, by laminating a metal foil to 
the film strip 24 and then photochemically etching 

50 the unwanted portions to result in the pattern of 
chevrons. In the illustrative embodiment, the chev- 
rons are dimensioned and arranged so that they 
will form a braid-like pattern when the film strip 24 
is wrapped onto a 0.067" diameter mandrel. 

56 The pattern 32 of chevrons preferably is dis- 
posed Inwardly from one longitudinal edge of the 
film strip 24 to leave a margin 36 which, when 
wrapp ed about the mandre l will d efin e the Inne r 
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surface of the lumen of the rolled up tube. The 
margin 36 thus may be coated with an appropriate 
material. If desired, to provide certain surface char- 
acteristics to the inner lumen of the tube. For 
example, it may be desirable to maintain a low 
friction surface on the inner lumen of the tube to 
minimize friction with a guidewire over which the 
catheter will be placed. For that purpose, the mar- 
gin 36 may be coated with a material such as 
polytetrafluoroethylene (Teflon). The width of the 
margin 36 is substantially equal to the inner cir- 
cumference of the lumen to be formed. If it is 
desired to provide the outer surface of the catheter 
with a particular coating, that may be accomplished 
.by forming the coating along the longitudinally ex- 
tending margin 38 on the outer surface 30 of the 
film strip 24. The width of the marginal coating 38 
should correspond to the outer circumference of 
the rolled up tube. By way of example, the mar- 
ginal portion 38 may be coated with a throm- 
boresistant coating to provide an anti-clotting char- 
acteristic for the outer surface of the catheter. 

It may be desirable to provide the distal end of 
the catheter with a relatively soft tip. For that pur- 
pose, a short strip 40 may be attached to the distal 
end of the film strip 24. as by an appropriate 
adhesive, by heat bonding or other suitable means. 
The short 'soft tip portion 40 will be formed from a 
softer polymeric material than the film strip. For 
example, it may be formed from a softer polyethyl- 
ene than that of the film strip 24. By way of 
example, the short soft tip may be of the order of 
0.003" thick and about 2" wide, extending approxi- 
mately 2 mm from the distal end of the film strip 
24. When the composite strips are rolled onto the 
mandrel, the soft tip strip portion 40 will form a soft 
tip segment. 

Should it be desired to incorporate a radiopaq- 
ue marker in the distal end of the catheter, that 
may be achieved by attaching a thin strip of 
radiopaque material, such as a thin strip of gold. 
The gold strip may be of the order of 0.3" long. 1.0 
mm wide and approximately 0.002" thick. When 
the composite film is rolled up onto the mandrel, 
the radiopaque marker strip 42 will form a 
radiopaque marker band. 

FIG. 6 illustrates, in diagrammatic cross-section 
one manner of wrapping the elongate composite 
strip about the mandrel 26. The arrangement in- 
volved the use of an apparatus having a table or 
platform 44 and an overhead restraining bar 46. 
The lower end of the restraining bar 46 is tapered, 
as indicated at 48 and is spaced slightly from the 
surface of the platform 44. A belt 50. which may be 
endless, passes through the ^ slot between the re- 
straining bar 46 and platform 44 to form a loop 52, 
on one side of the restraining bar 46. the portions 
of the belt 50 on the other' side of the restraining 



bar 46 may be considered as having a feeding 
segment 54 and a return segment 56. The belt 50 
is driven in the direction indicated by the arrows 
58. The device is used to roll the film strip 24 into 

5 the desired tubular configuration by placing the film 
strip 24 on the feeding segment 54 of the belt 50. 
The mandrel 26 is disposed within the loop seg- 
ment 52 of the belt 50. Both the feeding segment 
54 and return segment 56 of the belt 50 are ten- 

10 sioned to draw the loop 52 snugly about the man- 
drel 26 and, in that configuration, the belt 50 is 
advanced in the direction indicated by the arrows 
58. Thus, the feeding segment 54 of the belt 50 will 
carry the film strip 24 into the loop 52 while si- 

75 multaneously rotating the mandrel 26. The leading 
longitudinally extending edge of the film strip 24 
will be gripped between the loop 52 and the man- 
drel 26. Continued advancement of the belt 50 will 
continually draw the film strip 24 into the loop 52 

20 and about the mandrel 26 to wrap into a spiral 
configuration about the mandrel 26. it may be 
desirable to provide the trailing margin 60 on the 
inner surface 28 of the film 24 with adhesive so 
that when the rolled up tube, mounted on the 

25 mandrel 26, is removed from the loop 52, it will 
remain in Its spirally wound configuration on the 
mandrel 26. in readiness for the next step in the 
manufacturing process. 

FIG, 7 illustrates, diagramatlcally, the next step 

30 in the manufacturing procedure, in which the rolled 
up tube, indicated at 62, mounted on the mandrel 
26 is subjected to a constricting force while apply- 
ing heat to fuse the helical layers of the tube 
together or by adhesively attaching the helical lay- 

35 ers together. In the later case, a thin film of appro- 
priate adhesive may be applied over some or all of 
the surface of the film strip 24. 

In order to apply the constricting force, the 
helically rolled up film 62. mounted on the mandrel 

40 26, is inserted into an elongate constrictible tube, 
indicated generally at 64. The constriction tube 64 
has a central lumen 66 intended to receive the 
assembly of the tube 62 and mandrel 26.. The 
constriction tube 64 may be formed from silicone 

46 rubber tubing which, after the assembled tube 62 
and mandrel 26 are inserted into the lumen 66, 
may be caused to constrict tightly about the as- 
sembly and heated. More specifically, the lumen 
66 of the silicone rubber tubing has an inner diam- 

50 eter that is slightly smaller than the outer diameter 
of the rolled up tube 62 on the mandrel 26- The 
silicone constriction tubing 64 may be caused to 
expand by soaking it in 1.1.2 trichloro-1.2.2 
trifluoro-ethane (Freon). When in its expanded con- 

55. . figuration, the assembly of this tube 62 and man- 
^ drel 26 is inserted into the lumen 26. The Freon 
then is allowed to evaporate which causes the tube 
64 to shrink' to * its original configuration thereby. 
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exerting constricting pressure on the rolL The as- 
sembly then may be heated in a glycerine bath, for 
exannple, at 130*C to fuse the layers of the roll 
into an Integral walled catheter. After approximately 
15 nr^inutes, the assembly may be removed from 
the glycerine bath and cooled in a room tempera- 
ture water bath for approximately 2 minutes. The 
silicone rubber tubing then may be stripped off to 
reveal the final shaft having an integral wall. 

In another technique for inserting the assembly 
of the roll 62 and mandrel 26 into the silicone 
rubber tube, an elongate stainless steel tube, hav- 
ing one end sealed and the other end opened is 
provided. The assembly of the tube 62 and man- 
drel 26 is inserted into the open end of the tube. 
The open end of the tube then Is inserted into one 
end of the silicone rubber tubing. The other end of 
the silicone rubber tubing is attached to a source of 
pressurized air. As the air pressure in the silicone 
rubber tubing builds, it causes it to expand and 
form a cushion of pressurized air separating the 
inner surface of the silicone rubber tube and the 
outer surface of the stainless steel tube. In that 
configuration, the stainless steel tube, carrying the 
assembly of the tube 62 and mandrel 26, can be 
inserted into the silicone rubber tubing. Once the 
stainless steel tube has been fully inserted, thus 
carrying the assembly of roll 62 and mandrel 26 
fully into the silicone rubber tubing, the stainless 
steel tubing may be withdrawn while maintaining 
the cushion of air under pressure. When the stain- 
less steel tubing is withdrawn, it leaves the tube 62 
and mandrel 26 within the silicone rubber tubing 
until the air pressure is released which enables the 
silicone rubber tubing to constrict about the tube 
62 and mandrel 26. The assembly then may be 
heated as described above to cause the layers to 
fuse together In the heated bath. The silicone rub- 
ber tubing and mandrel 26 then may be removed, 
leaving the composite catheter shaft. Altemately, it 
may be possible to insert the assembly of the roll 
62 and the mandrel 26 into the silicone rubber tube 
without first placing it into the elongate stainless 
steel tube. This simplified technique would be pref- 
erable. 

The catheter shaft may be finished as desired, 
such as by forming an appropriate curve in the 
distal end, by forming a taper in the distal portion, 
by adding a fitting to the proximal end of the 
catheter and the like. If desired, additional coating 
may be formed on the catheter so made, as by 
spraying or otherwise coating. 

A wide variety of catheters may be formed 
using the foregoing technique. For example, cath- 
eters may be formed to include elongate small 
diameter tubes that may be laid in with the film 
strip, so as to define one or more lumens in the 
wall, of _ the catheter. Such jurnens jnay serye__as__ 



inflation lumens, or may carry optical fibers or the 
like. Similarly, optical fibers may be laid in with the 
spirally rolled film to provide a means by which 
light may be transmitted from the proximal to the 
5 distal end of the catheter. Fibrous materials, such 
as fiberglass strands may be laid In with the roll for 
additional strength or other characteristics if de- 
sired. 

Thus, it should be understood that the fore- 
70 going description of the invention Is intended mere- 
ly to be illustrative thereof and that other embodi- 
ments and modifications may be apparent to those 
skilled in the art without departing from the spirit of 
the invention. Having thus described the invention, 
75 it is my intention to claim and secure by Letters 
Patent the invention as defined in the following 
claims and equivalents thereof. 



20 Claims 

1 . A catheter having a shaft comprising at least one 
film of material spirally rolled into an elongate tube 
and permanently fixed in said rolled configuration. 
25 2. A catheter as defined in claim 1 further compris- 
ing at least one additional element formed from a 
different material and incorporated Into the wall of 
the elongate tube, 

3. A catheter as defined in claim 2 wherein at least 
30 one of said additional elements extends over only a 

portion of the length of the tube. 

4. A catheter as defined in claim 2 wherein the film 
is formed from a polymeric material. 

5. A catheter as defined in claim 3 wherein the film 
35 is formed from a polymeric material. 

6. A catheter as defined in claim 2 wherein the film 
is a polymeric material and the additional element 
comprises a metallic film. 

7. A catheter as defined in claim 3 wherein the film 
40 is a polymeric material and the additional element 

comprises a metallic film. 

8. A catheter as defined in claim 6 wherein the 
metallic film Is formed in a predetermined pattern. 

9. A catheter as defined in claim 8 wherein the 
45 pattern forms a different pattern when rolled into 

tubular form. 

10. A catheter as defined in claim 9 wherein the 
pattern comprises a plurality of chevrons, the pat- 
tern forming a double helical pattern when rolled. 

50 11. A catheter as defined in claim 2 wherein the 
film Is a polymeric film and the additional element 
comprises a hollow tubular member. 

12. A catheter as defined in claim 3 wherein the 
film Is polymeric and the additional element com- 

55 prises a hollow tubular member. 

13. A catheter as defined in claim 2 wherein the 
film is polymeric and the additional element is 

fibrous, 



BNSDOCID: <EP ^0421650A1_L> 



11 



EP 0 421 650 A1 



12 



14. A catheter as' defined in claim 3 wherein the 
filnn Is polymeric and the additional element Is 
fibrous. 

15. A catheter as defined* in claim 2 wherein the 

film Is polymeric and the additional element is 5 
elastomerlc. 

16. A catheter as defined in claim 3 wherein the 
film is polymeric and the additional element is 
elastomerlc. 

17. A catheter as defined in claim 2 wherein the io 
first film Is polymeric and the additional element is 
substantially radiopaque. 

18. A catheter as defined in claim 3. wherein the 
first film Is polymeric and the additional element is 
substantially radiopaque. 

19. A catheter as defined in claim 2 wherein the 
first film is polymeric and the additional element is 
a tow friction material. 

20. A catheter as defined in claim 3 wherein the 

first film is polymeric and the additional element is 20 
a low friction material. 

21. A catheter as defined in claim 2 wherein the 
first film is polymeric and the additional member is 
an optical fiber. 

22. A catheter as defined in claim 3 wherein the 25 
first film is polymeric and the additional element is 

an optical fiber. 

23. A catheter as defined in claim 2 wherein the 
first film is polymeric and the additional element 
comprises an electrical conductor. 30 

24. A catheter as defined in claim 3 wherein the 
. first film is polymeric and the additional element 

comprises an electrical conductor. 

25. A catheter as defined in claim 1 further com- 
prising means defining at least one lumen extend- 35 
ing through the wall of the catheter shaft and a 
balloon at the distal end of the shaft in communica- 
tion with the lumen. 

26. A catheter as defined in claim 25 wherein the 
lumen comprises a hollow elongate member con- 4o 
tained within the catheter wall. 

27. A catheter shaft as defined in any of claims 4- 
15 and 17-24 wherein the rolled tube is perma- 
nently fixed by fusing at least a portion of the 
polymeric film from which the catheter is rolled. 45 

28. A catheter as defined in any of claims 1-26 
wherein the shaft Is permanently fixed by adhesive 
means bonding at least portions of the spirally 
rolled film layers. 

29. A catheter as defined in claim 2 wherein said at so 
. least one additional element includes a film of 

different material disposed along a surface of said 
first mentioned film and defining the inner surface 
of the spirally rolled tube. 

30. A catheter as defined In either of claims 2 or 29 55 
wherein said at least one element includes a film of 

• different material disposed along a surface of said 
first mentioned film and defining the outer surface 



of the spirally rolled tube. 

31. A method for forming a catheter shaft compris- 
ing: ■ 

providing an elongate strip of film formed from a 
selected material: 

rolling the strip spirally into a tubular shaft having 
an axis extending in the elongate direction of the 
film strip; and 

fixing the spirally rolled strip into said tubular form. 

32. A method as defined in claim 31 further com- 
prising: 

preliminarily adding at least one additional element 
to the strip thereby to incorporate the additional 
element into the wall of the rolled up tubular shaft. 

33. A method as defined in claim 32 wherein at 
least one of said additional elements extends over 
only a portion of the length of the tube. 

34. A method as defined In claim 32 wherein the 
film is formed from a polymeric material. 

35. A method as defined in claim 32 wherein the 
film is a polymeric material and the additional ele- 
ment comprises a metallic film, 

36. A method as defined in claim 35 wherein the 
metallic film is formed in a predetermined pattern. 

37. A method as defined in claim 36 wherein the 
pattern forms a different pattern when rolled into 
tubular form. 

38. A method as defined in claim 37 wherein the 
pattern comprises a plurality of chevrons, the pat- 
tern forming a double helical pattern when rolled. 

39. A method as defined in claim 32 wherein the 
first film was a polymeric material and the addi- 
tional element comprises a hollow tubular member. . 

40. A method as defined in claim 33 wherein the 
film is polymeric and the additional element is 
fibrous. 

41. A method as defined in claim 34 wherein the 
film is polymeric and the additional element is 
elastomeric. 

42. A method as defined in claim 35 wherein the 
film is polymeric and the additional element is 
substantially radiopaque. 

43. A method as defined in claim 36 wherein the 
film is polymeric and the additional element is a 
low friction material. 

44. A method as defined in claim 37 wherein the 
first film is polymeric and the additional member is 

an optical fiber. 

45. A method as defined in claim 38 wherein the 
film Is polymeric and the additional element com- 
prises an electrical conductor. 

46. A method for forming a catheter as defined in 
any of claims 31-45 wherein the step of fixing the 
rolled strip into tubular form comprises fusing the 
strip. ^' 

47. A method for forming a catheter shaft as de- 
fined in any of claims 31-45 wherein the step of 
fixing the rolled strip into tubular form comprises* . / 
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adhesively securing the rolled strip in said tubular 
form. 

48. A metlnod for forming a catheter shaft as de- 
fined in any of claims 31 or 32 wherein the step of 
rolling the strip into said tubular shaft comprises 5 
spirally wrapping the strip about an elongate man- 
drel; 

and where the step of fixing the spirally rolled strip 
into said tubular form comprises constricting the 
spirally rolled strip tightly about the mandrel and, io 
while so constricted, causing the strip to be bon- 
ded in said tubular form; 

thereafter removing the constricting force and re- 
moving the mandrel. 
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